Introduction
The most complete nearest-neighbor high temperature expansion calculations on spin-1/2, threedimensional Heisenberg-models for the cubic lattices reported to date are those given by Baker, Gilbert, Eve, and Rushbrooke 1 . Among other results they obtained ten terms for the specific heat of the simple cubic, body-centered cubic, and facecentered cubic lattices. Analysis of the susceptibility series gave excellent results for the critical points, the susceptibility critical index y, and the gap parameter 2 A. This was the first report to use scaling arguments to deduce a possible value a = -1/7 for the specific heat critical exponent, a finding verified directly from renormalization group theory by Ahlers 2 . Baker, et al. studied the specific heat series for indication of the critical behavior using the Pade approximant technique. Specific heat series are notoriously slow to converge, and the Pade approximants were inconclusive, particularly in the case of the simple cubic lattice. The usual search for singular behavior yielded a = 0.4 ±0.1, while interpretation of the gap parameter results suggested the possibility that a = -0.20. Critical values for the entropy were obtained but not for the energy. They found (5o0-Sc)/Ä = 0.264 for the sc, 0.242 for the bcc, and 0.238 for the fee lattice. Their only comment on the anti-ferromagnetic models referred to the critical point results of Rushbrooke and Wood 3 . Critical values for the energy were predicted in an earlier paper by Dalton and Wood 4 .
This study was stimulated by a combination of theoretical and experimental interests in the critical values for antiferromagnets. The fact that the ground state energies 5 , transition temperatures 3 , and high temperature expansions 1 of d = 3, 5=1/2 Heisenberg-models for FM and AFM lattices with the same j Jnn | are different suggests that the entropy and energy critical values are also different. This point has received little, if any, attention. The recent experimental paper by White and Bhatia 6 points out that the specific heat of CoBr2'6H20 and CoC1 2 '6H20 yield short range order results (Sco -Sc) /R that exceed the predictions for the likely applicable models. The issue of the magnetic behavior of these salts is clouded by nonnegligible intrasublattice interactions and imprecise knowledge of crossovers from d = 2 to d = 3 and from Heisenberg to X Y behavior 7 . Improved knowledge of the critical values of the d = 3, S = 1/2 sc-AFM Heisenberg-model would contribute to a better understanding of the experimental dilemma. 
where x = J/K-Q T and the en are integer coefficients determined by the finite cluster method suggested originally by Domb 9 . The HTEs for the molar specific heat, entropy, and energy in zero field are expressed as
and 
where y = 0.0 for a FM and 0.6 for an AFM system 5 . The review by Domb and Miedema 12 discusses critical values at length.
Results and Discussion
The results of the computations detailed in the previous section are well represented by Figs. 1 -5
and Tables 1-4 and need only a brief explanation.
Figures 1 -5 and Table 1 are direct results from the computer program and should be self-explanatory.
The graphs have a consistent symbol code, i. e., circles, squares, and triangles for the sc, fee, and bcc lattices, respectively, and open and closed symbols for FM and AFM coupling, respectively. Tables 2 and 3 were derived from further analysis of the results, and Table 4 gives some error calcula- "oo 20 pendence, as judged by the 7(1/2) critical values given by Domb 13 and reproduced in the top half of Table 3 . Figure 3 indicates that the convergence problem persists even at s = 0.1.
The traditional solution to the convergence problem is to extrapolate the series by a number of powerful methods, particularly the use of Pade approximants 10 . The virtual certainty that a is negative for the Heisenberg models 2 ' 10 ' 13 makes the Pade approximant technique of questionable value, that is, the specific heat series do not have a singularity at T = Tc. The asymptotic form
has the value A at the critical point and the remaining terms presumably give a confluent zero. The temperature derivative of Eq. (7) may have a simple singularity at the critical point in the case of the 7/(1/2) models. The author is currently study- ing Eq. (3) with this idea in mind and will report the results in a later publication.
In order to obtain critical value estimates for the H (1/2) models that are superior to those of Table 1 , we have employed a graphical extrapolation technique. This approach has proven to be successful in extrapolating series plots 14 . The difficulty with specific heat series is that ten terms are often insufficient to estimate the central tendency of a series. For this reason our estimates for the specific heat maxima and for all of the sc lattice properties are tentative. Each of the critical values was obtained independently by establishing the mean of the graphically estimated upper and lower bounds for the series. The results of this procedure are given in Table 2 with error estimates expressing a measure of the spread between the upper and lower bounds. Earlier estimates by others are also given.
Several important points emerge from the study of Table 2 Table 3 .
The critical values given in Table 2 for the AFM H( 1/2) systems are entirely new to the best of our knowledge. The predicted absence of AFM ordering in the fee lattice 11 (£«, -Ec) /RTC are greater for the sc-AFM and bcc-AFM systems than their FM counterparts. Once again the q dependence in Table 2 between the FM and AFM critical values appears satisfactory.
This analysis for critical values was extended one step further for the convenience of experimentalists wishing to relate specific heat data to model predictions. The bottom half of Table 3 gives new predictions for the critical values of d = 3, S -1/2 X Y-models, assuming the fee calculations for XY(l/2) by Betts 15 are exact. Critical values for the sc and bcc XY (1/2) systems were obtained by means of interpolation ratios from q~l dependence plots of our //(1/2) results from Table 2 and the 7(1/2) values in Table 3 . The sc critical values for 17(1/2) are entirely new. The value of (S^ -Sc) /R for the bcc lattice agrees with an estimate by Betts 15 , however the finding for {Ex -Ee) /R Tc disagrees by 28%.
In the introduction we indicated that this investigation was partially motivated by a recent experimental study by White and Bhatia 6 . CoBr2-6H20 and COC12-6H20 are q = 6, 5'=1/2, AFM systems with lattice and spin-space anisotropy. Table 2 . Somewhere in the critical region (£<0.1) a second crossover from D = 3 to D = 2 behavior is expected. The alternative choice of extensive D = 2, d = 2 behavior into the critical region depends critically on a sufficiently small interlayer coupling that can overcome the influence of the deviation from Z) = 2. The recent discussions by IkedaStanley 13 , and Singh and Jasnow 16 on crossover phenomena are particularly useful in this regard. The point resolved by this investigation was our concern for the large values of (S^ -Sc)/R obtained for CoBr2'6H20 (0.30) and COC126H20 (0.36) as compared with the estimate of 0.264 by Baker, et al. 1 for the sc-FM H (1/2) system. The new results of this investigation show that the ordering of these substances is not anomalous, however complicated an accurate model Hamiltonian may be.
Our final comments concern the results given in Table 4 . A direct application for HTEs involves fitting experimental data to verify models and predict exchange couplings. Figures 1 -5 provide the user of the H( 1/2) specific heat series with a suitable caveat. Figure 3 suggests that only the fcc-FM series can be trusted down to £ = 0.1. Using truncation of the tenth term as a criterion, Table 4 indicates that all six series are reliable down to £=1. Detailed analysis is required for usage in the 0.1 <£<1.0 region, and a choice of some sort of Pade approximant is recommended. Truncation of terms 3 -10 indicates that the usual fit of high temperature magnetic specific heat data with a T~2 term is not well advised because most of the available data is in the 1<£<10 range. Extension of the T~2 fit to still higher temperatures is impractical for numerous reasons.
